Background The aim of this study was to analyze the relationship between abnormal liver function tests (LFTs) coincident with heart failure (HF) exacerbation and subsequent long-term outcome in patients with chronic HF.
Methods and Results
The study population consisted of 183 consecutive patients admitted for HF exacerbation with left ventricular ejection fraction ≤40%. Cox proportional hazard analysis revealed that serum total bilirubin (T-Bil) levels on admission (hazard ratio 1.896, p<0.001, 95% confidence interval 1.323-2.717), but not T-Bil at discharge or other LFTs, was an independent predictor of subsequent cardiac events after hospital discharge (cardiac death or readmission for HF exacerbation) The cardiac-event-free rates significantly decreased according to increasing tertiles of T-Bil stratified by the level of 0.7 and 1.2 mg/dl (p<0.001). T-Bil on admission had significant correlations with simultaneously-measured central venous pressure (CVP) (r=0.42, p<0.01) and cardiac index (CI) (r=-0.50, p<0.01). The patients demonstrating high CVP together with low CI showed significantly increased T-Bil compared with any other group. Conclusions Increased T-Bil coincident with cardiac decompensation predicts a worse long-term prognosis of CHF, presumably through the potential liability to both congestion and tissue hypoperfusion simultaneously when HF deteriorates. (Circ J 2008; 72: 364 -369) Key Words: Acute exacerbation; Bilirubin; Heart failure; Liver function test; Prognosis L B-type natriuretic peptide (BNP) was determined by sensitive noncompetitive immunoradiometric assays (Shionoria BNP ® , Shionogi, Osaka, Japan) using venous blood samples taken after 15 min of rest. Echocardiography was undertaken transthoracically using ProSound SSD-5000 (ALOKA, Tokyo, Japan). M-mode images were obtained in the left parasternal long-axis views to measure each chamber dimension, and LVEF was calculated by the modified Simpson's method using biplane images from apical viewpoints. Right heart catheterization was performed on admission using Swan-Ganz catheters in 79 patients who were judged by individual chief physicians to require hemodynamic monitoring of central venous pressure (CVP), pulmonary artery wedge pressure (PAWP), and cardiac index (CI) determined by the Fick method.
Statistical Analysis
In order to investigate independent predictor(s) of cardiac events, clinical variables with a p-value <0.05 in the univariate analysis were examined using multivariate analysis in a Cox proportional hazard model. The selection method was a forward selection with a significance level of 0.05 for entering an explanatory variable into the model. The final model only included significant variables with a p-value <0.05 using the Wald test. The cardiac-event-free rates among the tertiles based on total Bil (T-Bil) levels on admission or at discharge were compared using Kaplan-Meier analysis with a log-rank test. Comparisons among groups of the patients' characteristics were performed using a chisquared test for categorical variables, and the Mann-Whitney U-test or Kruskal Wallis rank test for continuous variables, followed by the Scheffe's method for multiple comparisons if necessary. Correlation coefficients between T-Bil and hemodynamic variables were tested with Spearman's rankcorrelation test. Continuous variables are presented as median and interquartile range or mean ± standard deviation. For all analyses, a 2-sided p-value <0.05 was considered as statistically significant. The statistical package used was SPSS 11.0.1J for Windows (SPSS Inc, Chicago, IL, USA).
Results

Patients' Characteristics and Subsequent Events During Follow-up
The mean age of the patients was 65.4±14.2 years and 71% were men. Underlying disorders were ischemic heart disease (49%), dilated cardiomyopathy (29%), valvular heart disease (25%); a history of hypertension (45%), diabetes mellitus (38%), and hyperlipidemia (16%). Other characteristics are listed in Table 1 .
Cardiac events occurred in 44% (81/183) of the subjects during the follow-up period (29.5±20.8 months) and of these 25 were cardiac deaths (13.7%; 16 with HF exacerbation, 6 with lethal ventricular arrhythmias, 2 sudden cardiac deaths, and 1 acute myocardial infarction). Six patients (3.3%) died of other causes, such as pneumonia or malignancy, before the endpoint. Readmission for HF exacerbation occurred in 40% (73/183).
Prognostic Significance of Serum T-Bil on Admission
Among the clinical parameters on admission, univariate analysis showed that significant predictors were age, male sex, systolic blood pressure (SBP), diastolic blood pressure, heart rate, T-Bil, direct Bil (D-Bil), alkaline phosphatase Table 2) .
Focusing on the contribution of the serum T-Bil level to the prognosis of HF, patients were divided into tertiles on the basis of T-Bil on admission or at discharge. The cardiacevent-free rates after hospital discharge significantly decreased according to increasing tertiles of T-Bil on admission (low level group: T-Bil <0.7 mg/dl (12.0 mol/L), n=66; intermediate: ≥0.7-<1.2 mg/dl (20.5 mol/L), n=65; high: ≥1.2 mg/dl, n=52) (p<0.001; Fig 1) . In the comparison of the clinical characteristics among these 3 groups, there was no significant difference in the parameters including age, NYHA class, or BNP at discharge, other than SBP on admission ( Table 1) . Regarding the stratification based on T-Bil at discharge (low: <0.5 mg/dl (8.6 mol/L), n=45; intermediate: ≥0.5-<0.8 mg/dl (10.9 mol/L), n=97; high: ≥0.8 mg/dl, n=41), no significant difference in the cardiacevent-free rates after hospital discharge was seen among these tertiles (data not shown).
Correlation of T-Bil Level and Hemodynamic Parameters
T-Bil level on admission had significant correlations with simultaneously-measured CVP (r=0.42, p<0.01), PAWP (r=0.41, p<0.01) and CI (r=-0.50, p<0.01) (Fig 2) , but not with the arterial oxygen pressure (PaO2) (r=-0.01, p=0.43; Fig 2) . In this clinical setting, oxygen had already been administrated to 50% of patients (92/183) when arterial blood gas was analyzed. Furthermore, we analyzed 91 patients in whom oxygen was not given and there was no significant correlation (r=-0.10, p=0.32) either.
Based on the CVP and CI, patients were divided into 4 groups (A: CVP <8 mmHg, CI ≥2.2 L·min -1 ·mm -2 ; B: CVP ≥8 mmHg, CI ≥2.2 L·min -1 ·mm -2 ; C: CVP <8 mmHg, CI <2.2 L·min -1 ·mm -2 ; D: CVP ≥8 mmHg, CI <2.2 L·min -1 · mm -2 ). T-Bil was significantly highest when systemic congestion and hypoperfusion coexisted, classified as group D, compared with any other group (group A vs D: p<0.01, B vs D: p<0.05, C vs D: p<0.05; Fig 3) . Furthermore, a similar relationship was found using PCWP instead of CVP (data not shown).
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Discussion
Pathophysiological Mechanism of Increased Serum Bil Level in HF
HF results in a broad range of abnormal LFTs, the most common of which is a mild elevation of serum Bil (30-70% of patients), with increases of other cholestatic markers such as ALP and GTP being milder and less frequent, up to 10-20%, as well as those of the serum transaminases such as AST and alanine aminotransferase (12-33%). 3, 7, 8 The pathomechanism responsible for the liver injury is considered to be derived from 2 hemodynamic alterations in HF: decreased hepatic blood flow originating from low cardiac output and increased hepatic venous pressure with subsequent atrophy of liver cells and edema of the peripheral area, both leading to hepatocellular hypoxia. 3, 7 PaO2 itself is thought to be a minor factor in hepatic injury. 3 Several studies so far have shown that the serum Bil correlates with various hemodynamic parameters, such as right atrial pressure (RAP), 2,4,9 severity of tricuspid regurgitation (TR), 4,9 PAWP, 9 LVEF, 4 and CI, 9 whereas ALP and GTP only do so with RAP 3,8 and the severity of TR. 8 It has never been documented that the transaminases have a correlation with these parameters. 3, 8 In our study, LFTs other than Bil did not have a significant correlation with hemodynamic parameters (data not shown). The differences might be explained by the different pathophysiological mechanisms of the increase in each LFT.
Several metabolic processes of Bil, including the uptake of indirect Bil from blood, conjugation in hepatocytes 3 and secretion of D-Bil into bile, 10, 11 are attenuated by hepatocellular hypoxia, leading to an enhanced increase of the serum T-Bil. Biliary obstruction caused by high hepatic venous pressure is also reported to be a causative mechanism when T-Bil is highly elevated. 8 Furthermore, hemolysis, which occurs mainly in the simply congested lungs of HF patients, leads to an increase in the serum indirect Bil. 2, 7, 12 It is certain that the levels of transaminases also correlate with hepatocellular hypoxia, but necrosis of the affected hepatocyte is required for an increase in the serum levels, 3 which is the reason why the cells swell dramatically in cases of acute decrease in cardiac output such as cardiogenic shock. 7 The increase in the level of ALP, as well as GTP, is derived mainly from obstruction of the biliary system, 13, 14 not through hepatocellular hypoxia. Therefore, Bil is the most sensitive marker among the LFTs for severe HF, as an integral clinical indicator to reflect the multifarious conditions related to HF.
Clinical Impact of Serum Bil Level on HF Exacerbation in Relation to Long-Term Prognosis
Previous studies have reported conflicting results concerning the clinical significance of measuring the serum T-Bil level as a marker of hemodynamic parameters. It was shown in 1 study of patients with severe HF that the serum T-Bil level had significant correlations with CI, as well as RAP or PAWP, 7 whereas in another study of patients with stable HF the T-Bil correlated only with RAP. 2 In the present study, serum T-Bil levels at the time of HF decompensation had a clearer correlation with CI than either CVP or PAWP (r=-0.50, 0.42, 0.41, respectively) (Fig 2) , which suggests that the serum T-Bil level coincident with cardiac decompensation more exactly reflects the hemodynamics, especially CI, compared with when HF is more controlled.
Low cardiac output, more frequently coincident with exacerbated HF, may be the key to interpreting the present result that the serum T-Bil on admission, but not at discharge, was an independent predictor of subsequent cardiac events, because low cardiac output can predict HF prognosis better than concomitant pulmonary or systemic congestion. 15 The significance of the serum T-Bil level depends on the type of HF, including disease severity and clinical stage; in other words, it is important to consider the HF status when the clinical significance of the serum T-Bil level is being evaluated.
Another point is that the serum Bil at the time of acute decompensation may predict HF outcome in the remote future beyond the acute phase of HF exacerbation, despite the similar HF status at the starting point presumed by the plasma BNP, NYHA class and LVEF values at discharge. However, we can confirm that the serum Bil on admission predicts the patient's prognosis, even when we include the first hospitalization into the follow-up period, changing the starting point of follow-up from hospital discharge to admission (data not shown). Those results suggest that elevation of the serum T-Bil level represents not only the temporary severity of hemodynamics but also the latent cardiac status of chronic HF contributing to long-term prognosis. It seems that the serum T-Bil level at the time of HF exacerbation should be regarded as the marker of the hemodynamic response to deteriorated HF, which reflects cardiac pump/circulatory reserve, leading to differentiation of HF prognosis even among patients with similar HF status during the stable phase.
Comparative Characteristics of Bil as an Indicator of HF
The plasma BNP level is widely used in general practice as a valuable predictor of HF prognosis. 16, 17 Although conflicting data exist, 18 the plasma BNP concentration has a good correlation with filling pressure, 19, 20 but there are no data concerning the CI. 19 The serum T-Bil level, on the other hand, reflects the CI as well as congestion, as mentioned earlier. In clinical practice, for HF management it is generally easier to detect 'congestion' than 'low cardiac output' or 'hypoperfusion'. The present study indicates that an increased serum T-Bil level could be a clue to a hypoperfused status in HF patients, leading to adequate therapy without using invasive clinical techniques.
Study Limitations
The study was carried out inside a single institute in both a retrospective and nonrandomized fashion. The acquired data might be biased because clinical judgment depended on the clinical status of each patient. Furthermore, while it is ideal that there should be no significant differences in clinical background among tertiles in practise this is impossible because the serum Bil levels are determined by pathological and hemodynamic changes.
Based on the analysis of the present study, we paid attention to the clinical data 'on admission' that were related to the prognosis of HF. Because the time of onset of acute cardiac decompensation leading to hospital admission is imprecise among individual patients, clinical parameters defined as 'within 24 h of admission' might be estimated at different clinical time-points within the variation of HF status, leading to some biased interpretations.
Finally, as the present study consisted of patients who had left ventricular systolic dysfunction (LVEF ≤40%) on admission, further study of patients with preserved systolic function is warranted.
